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Collapse therapy, as a term, embraces a variety of procedures
and has developed rapidly in recent years. The literally enormous
number of publications upon the subject testifies to the interest in it.
The naturally radical see in it the greatest therapeutic advance of
the century, while even the most conservative concede it a great
step in advance. No one dealing with pulmonary tuberculosis can
ignore it. Controversy still reigns on some points; is silenced on
others.
How the various forms of collapse therapy work their effect
physiologically, whether through an influence on the pulmonary
lymphatics or circulation, is not settled. On the mechanical side,
however, there is considerable agreement. The diseased lung is
subject to tension and trauma owing to its enforced apposition to the
moving chest wall. Cavities are held open, fibrous scar tissue can-
not contract beyond a limited degree. Both stretch and contract
with respiration. Collapse procedures change the condition from
tension to relaxation, permit the retraction of scar tissue and the
closure of cavities, lessen respiratory trauma, and thereby greatly
aid nature in the healing process. None of these surgical measures
heals in itself, although with their help nature can and does heal
more quickly and more effectively. A patient may, with a success-
ful pneumothorax, lose his symptoms, close a cavity, and be out-
wardly well in a few weeks, but the healing process is only begun.
The fundamental point must be stressed that all collapse or com-
pression methods are merely adjuvants to the old, time-tried therapy
of rest. They are designed to increase the lung rest and render
it more effective. They do not replace other forms of lung rest.
Speaking in a very general way, one may say that pulmonary
tuberculosis assumes two forms: the exudative form in which the
pathology is more pneumonic in character, and the productive form
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in which the pathology is more fibrous. When of minimal or mod-
erate degree, and not accompanied by softening and cavity forma-
tion, both of these forms will often resolve or heal with simple rest
in bed. But even when minimal they must be very closely watched,
with frequent X-ray examination, since the disease not seldom
progresses without symptoms or physical signs to cause suspicion.
Unfortunately, however, for a variety of reasons we meet relatively
few of these minimal cases. What with late diagnosis, failure of
the patient through ignorance or fear to consult a physician, the
sudden development of acute, far-advanced pneumonic tuberculosis,
etc. the patient is very often far advanced when first seen. Almost
no sanatoria admit more than 30 per cent of minimal cases, even
where designed for them. The great majority of cases are more
advanced, very many with cavity formation. It is they who make
up the large number of candidates for collapse therapy; their prog-
nosis without it is so grave. All of us know exceptional cavity cases
who have survived. Nevertheless, cavities of 5 cm. in diameter
usually lead to death within five years where collapse therapy does
not intercede. Barnes found that 82 per cent of patients in whom
the cavity was only I to 2 cm. in diameter were dead within five
years. More favored groups would undoubtedly show a lower
mortality but the chances of recovery are still too small. Per-
sistently positive sputum has been shown conclusively to be almost
as great a menace as the persistently open cavity. The objective
of collapse therapy has become, then, the closure of cavities and the
elimination of tubercle bacilli from the sputum. Unless these ends
are attained success cannot be more than partial.
Table I lists the procedures in use; some of them verygenerally,
others still in a stage of trial.
TABLE I
COLLAPSE THERAPY PROCEDURES IN PULMONARY TUBERCULOSIS
I. Pneumothorax
1. Unilateral
2. Bilateral
3. Contralateral
4. Supplemental (a) Oleothorax
(b) Pneumolysis: Internal
External
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IL. Phrenic Nerve Operations
1. Simple Cutting or Phrenicotomy
2. Evulsion, or Exairesis, or Phrenicectomy
3. Crushing
4. Alcoholization
5. Bilateral
6. Supplemental (a) Scaleniotomy
(b) Multiple Intercostal Neurectomy
III. Apcolysis
1. Fat or Muscle
2. Inflated Bag
3. Paraffin (Plombage)
IV. Thoracoplasty
1. Partial
2. Total
V. Combinations of Procedures
Table II gives an idea of the extent to which the various pro-
cedures are employed. Of 593 admissions to the Winchester Hos-
pital from January 1, 1929, to October 1, 1934, 359, or 61 per cent,
individual patients were treated with one or more forms of collapse
therapy measures. This percentage, high though it appears, is only
a little above the average for sanatoria and hospitals attempting to
keep abreast of developments. In some institutions this percentage
is exceeded to the extent of 75 per cent of cases.
TABLE II
SUMMARY OF COLLAPSE THERAPY FROM JAN. 1, 1929, TO OCT. 1, 1934, INCLUSIVE
New Patients Admitted............... Total-593
Minimal ......... ......................... 50 8%o
Moderately advanced .................................. 73 12%
Far advanced ............. ..................... 470 80%o
Artificial Pneumothorax
1. Maintained over 3 mos.e................................ 1 8
2. Transferred under 3 mos.e............................ 41
3. Maintained under 3 mos.e.............................. 44
Total .................................................. 273 58%oYALE JOURNAL OF BIOLOGY AND MEDICINE
4. Attempted and failed ................................... 68 20%o
Bilateral A.P. (included under 1 & 3) 17
Pneumolysis (included under 1) ...... 8
Oleothorax (included under 1) ........ 4
Reexpanded (included under 1) ...... 39
Phrenicectomy
1. Phrenicectomy alone ...................................... 64 1 1 %o
2. Supplementary to A. .................................. 38
3. With thoracoplasty ....................................... 17
Total ............................... ........ 119 20%
Thoracoplasty
1. Total (including 3 initially partial) .............. 21
2. Partial ................. ...................... 1
Total ............................... ........22 3.7%o
Total Cases Collapse Therapy ...................... 359 - 61%o Adms.
UnilateralArtificialPteumothorax: This procedurewas the first
of the present measures of collapse therapy to be employed, and to
Forlanini of Italy is generally given the credit of having introduced
it for the treatment of pulmonary tuberculosis. Its application is
far wider than that of any of the other methods, the latter indeed
being employed, as a general rule, where the pneumothorax is not
sufficiently effective.
The indications for unilateral artificial pneumothorax are three.
1. Extensive unilateral exudative or fibrocaseous disease; with or
without bacillus-containing sputum, although bacilli are usually
present; and with or without constitutional symptoms, since the
absence of the latter is no bar to the fatal evolution of the disease.
2. Obstinate uncontrolled hemoptyses, when one can be fairly certain
of the lung from which the bleeding comes. 3. Acute tuberculous
pneumonia, although here much depends on the extent of the dis-
ease and the presence of cavity. If pneumothorax is withheld the
case must be watched very closely with X-ray as to its development.
Contraindications usually given are the tuberculous complica-
tions: enteritis, laryngitis, kidney disease, or disease elsewhere.
Our experience would indicate that if the pulmonary disease can be
brought under control these complications frequently manifest a
surprising capacity toheal.
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The great obstacle to successful pneumothorax is the presence
of adhesions. It is generally experienced that in 20 per cent of
individuals in whom pneumothorax is attempted no pleural space
can be located. Adhesions to a greater or lesser degree are very
frequently encountered. Their influence on the suCcess of the treat-
ment depends upon whether they prevent a satisfactory collapse of
the diseased portion. A single adhesion in an unfortunate location
may be a greater obstacle than are numerous adhesions so situated
as not to prevent an effective collapse.
About 50 per cent of cases show fluid at one time or another, but
in most instances this is merely an incident in the treatment. Tuber-
culous empyema will develop in about 10 per cent of cases and be
complicated by a mixed infection in 1 per cent. Superadded spon-
taneous pneumothorax is possible but is rarely met. Fatal complica-
tions occur with such relative infrequency and can be met so success-
fully that the danger of them should not deter one from treatment
if the latter be indicated on general principles. Air embolus and
pleural shock are described as hazards. We have never experienced
a fatal form of either among several thousand insufflations.
The early workers naturally assumed that the presence of even a
slight amount of pathology in the contralateral lung constituted a
contraindication. This view has changed materially. More and
more liberties are taken with the better lung and it is surprising
how frequently any disease in it is improved rather than aggravated.
Nevertheless, disease of thebetter lung, whether from old pathology
reactivated or new pathology developing therein, is the chief cause
of failure where a satisfactory collapse of the worse lung has been
maintained.
The results of unilateral pneumothorax may be deduced from
the reports of several large series of cases both in this country and
abroad, some of them studies of cases collapsed as long as twenty
years ago. Where the collapse is effective and maintained for from
one to three years from the time that bacilli disappear and the
cavity is closed, about 75 per cent of patients are restored to a fairly
normal life. Many of them are hospitalized for from only six
months to a year, after which time they return to the physician for
refills, their symptoms completely allayed. When, as controls, one
uses cases in whom pneumothorax was unsuccessful on account of
adhesions or by whom it was refused, one finds living after from
two to fifteen years about three times as many individuals in the
pneumothorax group as in that without pneumothorax.
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As to the lung reexpanded after treatment there are in this
country three good studies, those by Andrew Peters, by E. N.
Packard7, and by J. B. Amberson. All show that the reexpanded
lung remains surprisingly sound. In Packard's group of 105 cases
reexpanded for from 2 to 18 years, 76 per cent were found to be
working, or leading normal lives; and of the remainder, 19, or 23
per cent, were still curing. Amberson found approximately the
same results in a study of 165 reexpanded cases.
But these statistical results are not the only standard by which
to measure. A considerably shortened period of illness and the
elimination of tuberde bacilli are very important factors from both
the economic and public health viewpoints. Furthermore, pneumo-
thorax and its surgical adjuvants afford active measures and new
hope for the patient. The whole atmosphere and tone of tuber-
culosis institutions has been recast. What was a passive, discourag-
ing work has become one of absorbing interest, wherein one plays
for high stakes and often wins against overwhelming odds.
TABLE III
RESULTS OF ARTIFICIAL PNEUMOTHORAX- 927-1934
Effective
A.P. Leis thn 3 Mos.
Discontinued or died ............2
Transferred from hosp...........5
Still in hospital ................ 6
13 (12.8%o)
Partially
Efeetive Non-effectiva
5 24
27 12
15 5
47 (46.5%) 41 (40.7%)
A.P. More than 3 Mos.
A.P. alone ..................... 99(64.3%o) 38(24.7%o) 17(11%o) 154
A.P. plus phrenic. homolat. 20 (48.8%o) 11 (26.8%o) 10 (24.4%o) 41
contral. 6 (75%o) 1 (12.5%o) (12.5%o) 8
A.P. bilateral simult. .............. 4 (40%)o) 3 (30%) (30%) 10
129 (60.5%o) 53 (24.8%b) 31 (14.6%o) 213 (54.7%o)
Total A.P ...................142 (45.2%) 100 (31.4%b) 72 (22.9%o) 314 (80.7%o)
A.P. Attempted Unsuccessfully ......................................................................
Total A.P. Attempted ............................................................................
75 (19.3%)
389
Totda
31
44
26
101 (26%)
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Bilateral Pneumothorax: This method, originally proposed by
Ascoli of Italy, has been considerably developed by him and his
group. As the name implies, the pneumothorax is applied to both
lungs, either simultaneously or alternately. It is employed when
the disease is bilateral from the beginning or when in the better lung
there is an extension of the disease which is progressing in spite of
conservative procedures. One hopes to obtain a selective collapse of
the lobe in which the extension or new development is situated.
The simultaneous bilateral pneumothorax is a more dangerous pro-
cedure than is the unilateral. The danger of complications inherent
in the unilateral pneumothorax is considerably more than doubled.
Nevertheless, one feels often justified in applying this measure, for
the simple reason that the whole future of the case is jeopardized
without it.
By the term "selective collapse" is meant a considerable degree
of collapse of a diseased lobe in the presence of a relative lack of
collapse of the non-diseased remainder of the lung. The greater
retractility and loss of elasticity inherent in the diseased lobe results
in a relatively much greater collapse of the latter when small
amounts of air under low pressure are introduced into the pleural
space. The ideal selective collapse can be achieved only when the
diseased lobe is not adherent to the chest wall and the other lobes
of the same lung.
Contralateral Collapse: This procedure utilizes the lateral mov-
ability of the mediastinum when present. By introducing air into
the pleural space of the better lung and thereby satisfying the nega-
tive pressure on that side, the mediastinum is enabled to respond to
the traction toward the diseased lung and thereby lessen lateral ten-
sion on the latter. The method has only a limited applicability.
Pneumolysis: Internal pneumolysis, originally employed by
Jacobaeus of Stockholm in 1913, was for a long period but little
used in this country. During the last five or six years, however,
particularly since the publication of the experience of the Matsons4
in Oregon, there has been increasingly widespread use of it.
Internal pneumolysis consists in the division of adhesions so
located as to prevent collapse of the lung and therefore the success
of the pneumothorax. The adhesions are divided either by electro-
cauterization or electro-coagulation. The apparatus comprises a
thoracoscope which is inserted through the chest wall to give a
view of the air-containing pleural space. Through the thoracoscope
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trocar, or at another point through a second trocar, is introduced the
sectioning instrument. By this procedure a fair percentage of
pneumothoraces, about 40 per cent, otherwise doomed to failure on
account of adhesions, may be brought into the successful class. Our
own experience is limited to five cases, all cauterized by Dr. Oughter-
son at the New Haven Hospital, three of them very successfully.
External pneumolysis is but seldom employed and there is no
standard technic. It consists of cutting down upon the adhesions
from without, ligating, and sectioning with the knife.
Oleothorax: This method was proposed in 1922 by Bernou of
France for the treatment of bronchopulmonary fistula with second-
arily infected empyema. It is seldom used for this purpose at the
present time. The procedure consists in the injection into the
pleural cavity of sterile oil-paraffin, olive, or cotton-seed oil.
Tuberculous empyema may be treated with more or less success
when to the oil is added Gomenol to 2 to 4 per cent. But the chief
use of oleothorax today is for so-called blockage, by which term is
meant prevention of premature reexpansion of a collapsed lung
when positive intrapleural pressures will no longer accomplish this.
At times, particularly following an effusion, the collapsed lung
begins to adhere at the base and gradually becomes more adherent
upward along the chest wall until the success of the pneumothorax is
threatened. A premature reexpansion of such a lung may often
be blocked with the oil. R. W. Matson5 presented an excellent
review of this subject in 1932.
Phrenic Nerve Operations: Phrenicotomy, or simple cutting of
the phrenic nerve, was proposed by Stuertz in 1911. The cases
reported up to 1922 showed a large percentage in which the paralysis
of the diaphragm was only temporary. It was then demonstrated
that accessory branches of the phrenic nerve exist in many instances
and that they may take over the phrenic nerve function. To over-
come this difficulty, Felix, in 1922, proposed the phrenic nerve
exairesis or evulsion. The Felix operation was found to be rela-
tively without danger and to accomplish a permanent paralysis
of the diaphragm when a sufficient length of nerve could be evulsed,
10 cm. or more.
Extravagant daims have been made for this operation on the
grounds of its simplicity and effectiveness. The Matsons had, by
1930, performed it in over 300 patients; O'Brien of Detroit, by
1934, in over 3000. Numerous other large series have been
reported both here and abroad.
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The effects are in part due to rest of the lung afforded by
immobilization of the diaphragm, but probably much more to the
relative reduction in volume of the overlying lung, depending upon
the extent of rise of the diaphragm. The reduction in lung volume
facilitates closure of cavities and contraction of scar tissue.
Experience has taught that disease in any part of the lung may
be favorably influenced. Even apical cavities close at times when
not located so close to the cortex of the lung as to be extensively
adherent. Cavities in the mid and lower lung are more apt to close.
They are usually situated further from the lung cortex and their
collapsibility is less apt to be restricted. The presence of general
adhesions does not preclude favorable results.
The indications forphrenicectomy in pulmonary tuberculosis may
be said to be much the same as those of unilateral pneumothorax,
the operation being performed when pneumothorax is impossible on
account of adhesions. In addition it is often employed to supple-
ment pneumothorax, or as a preliminary to thoracoplasty. Used
thus it is at times so effective as to obviate the necessity for the rib
operation. It may be employed to allay cough or cardiac distress
due to tension of circulatory structures in the presence of lung
retractions. The complications are few and usually transitory.
In some quarters there has recently been a definite swing away
from theearly enthusiasm for this procedure. It is our own opinion,
however, that too much has been expected of the operation. Per se
it will not very often work a complete cure, but, as an adjuvant
to bed rest and with definite reasonable objectives, it possesses great
usefulness.
We have had, since 1927, 124 phrenicectomies grouped as
follows: phrenicectomy alone 76; supplementary to A.P. 35; with
thoracoplasty 13.
Of the phrenicectomies alone 29, or 38 per cent, were successful
in that they achieved their objective. Of these 16, or 21 per cent,
were strikingly successful in that cavities were closed, tubercle bacilli
eliminated, and symptoms allayed. Of 35 phrenicectomies per-
formed to supplement pneumothorax, 20, or 59 per cent, were suc-
cessful in bringing about ac dosure of cavities and elimination of
bacilli.
The operation of crushing the phrenic nerve is performed when
only a relatively temporary paralysis of the diaphragm is desired.
The accessory branches of the nerve are first severed, after which
the main trunk is crushed with a special forceps. The paralysis
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of the diaphragm persists for a variable time, usually approximating
six months.
Bilateral phrenic operations are performed with very special
indications and obviously but very infrequently.
Alcoholization of the phrenic nerve is recommended also for
brief effects, but has not been extensively employed.
Scaleniotomy: This procedure, of which the earliest reports
appeared in 1930, has been relatively little used. It is employed
in conjunction with or subsequent to phrenic neurectomy. As a
minor and adjuvant operation it is designed, through section of the
three scalene muscles, to release the first and second ribs from the
bucket-handle lift on inspiration as well as to permit some retraction
of the lung apex. Its application is to small apical cavities not
more than 4 cm. in diameter, relatively thin-walled and surrounded
on all sides by sufficient lung tissue to permit fibrotic contraction.
Lincoln Fisher2 recently reported 135 scaleniotomies.
Multiple Intercostal Neurectomny: In 1929, John Alexander'
proposed this measure as offering help to avery restricted number of
patients. Its application is to the unilateral case in which pneumo-
thorax and phrenic neurectomy have proven insufficient and where
thoracoplasty is judged too severe an operation; also where there is
no very large cavity requiring active compression, but in which con-
siderable reduction of respiratory mobility, together with some
retraction of the thoracic wall, is desired. It is used in conjunction
with phrenic neurectomy. Two or more centimeters of the second
to the eleventh intercostal nerves, inclusive, are resected at the costal
angles distal to the posterior rami.
Thoracoplasty: In 1926, John Alexander was able to collect
1159 reported cases of thoracoplasty performed by a fairly stand-
ardized technic developed by a number of surgeons, more partic-
ularly by Sauerbruch. The operation consisted in the extrapleural
resection of posterior segments of the eleven upper ribs. More
recently an improved technic permits of the removal of the entire
first and second ribs, and of large parts of the third and fourth
when desirable. This change of technic has been accepted by many
surgeons and permits of a more thorough collapse of the upper lung
which is usually the site of the extensive pathology or of cavitation.
Experience showed that when the upper two ribs and large
parts of the third and fourth were removed as the first stage of a
total thoracoplasty, the result was, at times, so excellent that further
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operation was not necessary. There has thus developed a partial
thoracoplasty which, in essence, consists of the resection of longer or
shorter segments of seven ribs or less. Total thoracoplasty is still
the operation usually performed According to Hedblom and
Van Hazel in a very recent paper, partial thoracoplasties are of too
recent date to permit of their evaluation. The series are small and
thetechnicnot standardized. Theyare designed to avoid sacrificing
undiseased lungtissue and will doubtless come increasingly into use.
One might expect that thoracoplasty would be ultimately applic-
able to very many cases unsuccessfully treated by pneumothorax or
phrenicectomy. Such is not the case for several reasons: (1) Too
many liberties cannot be taken with the better lung. Disease in it
can at most be very limited in amount and should be arrested or
healed. (2) The operation is not applicable to the pneumonic type
ofdisease. The pathology must beof fibroustype and show marked
evidence ofretraction. (3) Circulation must be adequate, the heart
not too much compromised, and the vital capacity reasonably good.
The operation is best not performed during downward progress of
the disease.
Roughly the percentage of cases suitable for thoracoplasty may
be put at 6 per cent; but this figure will vary with the type of case
admitted to a given hospital, the enthusiasm of the-surgeon, and the
facilities for general use of collapse therapy procedures. Our own
group of thoracoplasties, performed by the surgeons at the New
Haven Hospital, comprises 22, or 3.7 per cent, of cases admitted to
the hospital. This figure would be higher were not so many cases
transferred to the State Institutions after a short stay.
Hedblom andVan Hazel' recently analyzed the results of 3,762
thoracoplasties reported here and abroad since 1926. "Among
3,762 patients followed for from 1 to 12 years after operation, 35.3
per cent were free from symptoms and bacilli and were able to
work; 22.1 per cent were improved and able to do some work;
5.5 per cent were not improved or were made worse by.the opera-
tion; 3.5 per cent could not be traced; 33.6 per cent were dead at
the time of the report. A large portion of the patients were
rehabilitated to the extent that they were able to return to their
former stations in life and to resume their former occupation or
activity. Many women married and there is a record of 22 who
have borne children."
Apicolysis: One of the greatest problems is that of the apical
301YALE JOURNAL OF BIOLOGY AND MEDICINE
cavity which, on account of adhesions, resists pneumothorax and
phrenicectomy. If the remainder of the lung is in reasonably good
condition one is very loath to sacrifice the whole lung with a total
thoracoplasty in order to combat an apical cavity. Various forms
of so-called apicolysis have been devised, none of them entirely
satisfactory. With the older methods the parietal pleura over the
lesion was separated by blunt dissection from the chest wall and
various substances were employed to fill the space thus created: fat,
muscle, inflated bag, and more recently paraffin, the last procedure
known as plombage, with several proponents on the continent in
Europe. In this country plombage has met with but little favor,
although apparently not on the basis of experience with it. One
objection is that the paraffin remains a permanent foreign body.
Mclndoe and John Alexander' recently reported 43 of these opera-
tions and are quite enthusiastic over the results in cases where other
measures are not applicable. Much depends upon one's ability to
accomplish a satisfactory cleavage.
Partial thoracoplasty with removal of the upper two, three, or
four ribs is being tried rather extensively at present as a measure
against the apical cavity. Many satisfactory results have been
reported.
Combined Procedures: Many cases in whom the first attempted
procedure, usually pneumothorax, is not successful undergo supple-
mentary operations which may indude any one or more of the
surgical methods. For example, adhesions may prevent a successful
pneumothorax; pneumolysis or phrenic neurectomy may not be
sufficient as supplements and thoracoplasty be performed.
Conduflsions
The methods of collapse therapy in pulmonary tuberculosis have
established the permanency of their value.
Much further knowledge is required as to indications, contra-
indications, technic, pulmonary physiology, and dynamics. We
cannot yet prognosticate with sufficient certainty to be masters of
the situation.
The methods apply themselves to local lesions and that within
limits, while tuberculosis is a general infection. Therefore, the
field -of pulmonary surgery has its limitations and the impossible
must not be demanded. The more general the infection and the
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more pronounced the evolution of the disease, the less the chance
of success.
Surgical methods will no doubt enter more and more into the
therapy of pulmonary tuberculosis, and increasingly important ser-
vice may be expected of them.
Finally, it should be stressed again that collapse therapy
measures in themselves do not work a cure. They are adjuvants
to the older methods of rest treatment. In so far as this fact is
forgotten there will be disappointment in the results.
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